Blastocyst formation is dependent on the differentiation of a transporting epithelium, the trophectoderm, which is coordinated by the embryonic expression and cell adhesive properties of E-cadherin. The trophectoderm shares differentiative characteristics with all epithelial tissues, including E-cadherin-mediated cell adhesion, tight junction formation, and polarized distribution of intramembrane proteins, including the Na\p=n-\K ATPase. The present study was conducted to characterize the mRNA expression and distribution of polypeptides encoding E-cadherin, (Boiler et al, 1985; Gumbiner and Simons, 1987; Gumbiner et al, 1988), resulting in the establishment of distinct apical and basolateral plasma membrane domains (Vestweber et al, 1987; D'Angelo Siliciano and Goodenough, 1988; Fleming and Johnson, 1988; Rodrigez-Boulan and Nelson, 1989; Wiley et al, 1990; Watson, 1992; Watson et al, 1992a; Collins and Fleming, 1995 1991 Citi, 1993; Kidder 1993 (Nagafuchi and Takeichi, 1988; Kemler and Ozawa, 1989; Gumbiner and McCrea, 1993; McNeill et al, 1993; Ranscht, 1994 (Stevenson et al, 1986 Anderson et al., 1988; Citi et al, 1988 Citi et al, , 1993 Furuse et al, 1993 al., 1988; Stevenson et al, 1988; Watson, 1992; Citi, 1993 (Biggers et al, 1988; Watson, 1992; Kidder, 1993 (Stevenson et al, 1986; Takeichi, 1988; Li and Poznansky, 1990; Ozawa et al, 1990; Behrens et al, 1993; Su et al, 1993) . Routine (Davis, 1993). The
gene products encoding E-cadherin, \g=b\-catenin and zonula occludens protein 1 are expressed and maintain cellular distribution patterns consistent with their predicted roles in mediating trophectoderm differentiation in in vitro produced bovine embryos.
Introduction
Transporting epithelia differentiate from apolar cells during development 'in concert' with the formation of epithelial junctional complexes (Boiler et al, 1985; Gumbiner and Simons, 1987; Gumbiner et al, 1988) , resulting in the establishment of distinct apical and basolateral plasma membrane domains (Vestweber et al, 1987 ; D'Angelo Siliciano and Goodenough, 1988; Fleming and Johnson, 1988;  Rodrigez-Boulan and Nelson, 1989; Wiley et al, 1990 ; Watson, 1992; Watson et al, 1992a; Collins and Fleming, 1995) . The epithelial junctional complexes are macromolecular structures consisting of zonula occludens (that is, tight junctions), zonula adherens (that is, adherent junctions), macula adherens (that is, desmosomes), and gap junctions (Fleming et al 1991 (Fleming et al , 1993 Citi, 1993; Kidder 1993) . E-cadherin (uvomorulin) (Nagafuchi and Takeichi, 1988 ; Kemler and Ozawa, 1989; Gumbiner and McCrea, 1993; McNeill et al, 1993; Ranscht, 1994) . The requirement for Ecadherin during epithelial differentiation has been demonstrated through the transfection of non-epithelial cell lines with cadherins (Nagafuchi et al, 1987; Marrs et al, 1993) . While cells transfected with E-cadherin polarize and adopt an epithelial phenotype, those transfected with the brain-associated cadherin, B-cadherin, do not undergo these differentiative events (Marrs et al, 1993) .
The tight junction consists of a complex of at least five proteins: zonula occludens protein 1 (ZO-1),  7H6 , cingulin and occludin (for review see Citi, 1993) . Occludin is the core integral membrane protein interacting with ZO-1 (a 220 kDa peripheral membrane protein) and cingulin to form a link between the tight junction and the cytoskeleton (Stevenson et al, 1986 Anderson et al., 1988; Citi et al, 1988 Citi et al, , 1993 Furuse et al, 1993) . At al., 1988; Stevenson et al, 1988; Watson, 1992; Citi, 1993) .
Development of the early mammalian embryo to the blastocyst stage is dependent upon the differentiation of a transporting epithelium, the trophectoderm, required for the vectorial transport of fluids to form and sustain the blastocoel (Biggers et al, 1988; Watson, 1992; Kidder, 1993) .
The events of trophectoderm differentiation parallel those involved in the differentiation of all epithelia and are dependent upon the establishment of E-cadherin mediated cell-cell adhesion (Vestweber et al, 1987; Fleming and Johnson, 1988; Watson et al, 1990) . While the expression patterns of junctional complex genes are well characterized in early mouse embryos (Vestweber et al, 1987; Larue et al, 1994; Reithmacher et al, 1995) , this type of analysis has only just been initiated in embryos of other mammals (Reima et al, 1993; Shehu et al, 1996) . Shehu et al. (1996) (Shehu et al, 1996) . The present study examines the expression of these gene products in embryos produced exclusively within a culture environment. In addition, the expression of ß-catenin gene products during bovine pre-attachment development has been examined for the first time. The present results demonstrate that gene products encoding E-cadherin, ß-catenin and ZO-1 are expressed and maintain cellular distribution patterns consistent with their predicted roles in mediating trophectoderm differentiation in bovine embryos produced in vitro.
Materials and Methods

Bovine embryo culture
Bovine pre-attachment embryos were produced using standard in vitro oocyte maturation, fertilization and embryo culture methods (Wiemer et al, 1991; Watson et al, 1994;  Winger et al, 1997 (Xu et al, 1992;  Harvey et al, 1995; Xia et al, 1996) and were supplemented with an additional 50 µ al., 1995; Watson et al, 1992b Watson et al, , 1994 (Watson et al, 1992b (Watson et al, , 1994 
Polymerase chain reaction primers
Primer sequences for actin, E-cadherin, and ß-catenin were designed from cDNA sequences retrieved from GENBANK and were synthesized by Gibco, BRL (Burlington ON; see Table 1 for sequences). cDNA samples were tested for the presence of genomic DNA contamination before use in genespecific RT-PCR using a set of primers designed to bracket an intron of the ß-actin cDNA. In the absence of genomic DNA, this primer set produces a 243 bp amplification product (Watson et al, 1992b (Watson et al, , 1994 Harvey et al, 1995) . All cDNA samples used in the present study displayed amplification of the appropriate sized ß-actin cDNA PCR product. Identity of the products produced by PCR reaction was verified using dye-coupled sequencing performed by GenAlyTiC (Stevenson et al, 1986; Takeichi, 1988; Li and Poznansky, 1990; Ozawa et al, 1990; Behrens et al, 1993; Su et al, 1993 (Fig. 1) . In each case, the distribution of these transcripts suggests that these gene products are of both maternal and embryonic origin. Bovine RT-PCR products were sequenced to confirm the identity and contrast nucleotide sequence identity among species. Bovine RT-PCR products amplified using E-cadherin and ß-catenin primers possessed 83% and 98% sequence identity with corresponding murine and human mRNA sequences, respectively (Fig. 2) (Fig. 5a,b) , and confined to the basolateral membranes of trophectoderm cells and also encircling the cell periphery of each inner cell mass (ICM) cell (Fig. 5a,b) . (Fig. 6a-c (Fig. 6d-g ). In hatched blastocysts, staining was localized over the basolateral cell regions of the trophectoderm and encircling all margins of the ICM cells (Fig.6f,g ).
In contrast to the distinct membrane associated localization of E-cadherin and ß-catenin, no immuno¬ fluorescence signal was detected for ZO-1 in identical pools of early cleavage stage bovine embryos (Fig. 7a-f) . ZO (Fig. 7e) . The ZO-1 fluorescence underwent a marked transition from the morula to the blastocyst stage ( Fig. 8a-d) . By the late morula, regions of continuous fluorescence became apparent at regions of cell contact between the outer cells of the embryo (Fig. 8a) . As cavitation progressed, ZO-1 immunofluorescence became distinctly localized to apical regions of cell contact (Fig. 8b) , eventually forming a continuous fluorescent ring confined to the apical points of trophectoderm cell contact (Figs 8d and 6k) . No fluorescence signal for ZO-1 was detected within the ICM (Figs 8c and 6k ).
ZO-1 staining was observed from the morula stage as cytoplasmic staining in peroxidase-DAB-stained embryos (Fig. 6h-k (Pratt et al, 1982; Johnson et al, 1986) , representing a critical event in epithelial differentiation (Fleming et al, 1994; Lame et al, 1994; Reithmacher et al, 1995 (g,h,i,j,k) hatched blastocysts. E-cadherin immunoreactivity was not strongly detected until the 8-16-cell embryo stage, where it assumed a distribution associated with cell-cell contacts (large arrowhead) and perinuclear regions (small arrowhead) of each blastomere. In hatched blastocysts, E-cadherin immunoreactivity was confined to cell-cell contact regions of the TE (arrowheads), remaining undetected in apical TE cell surfaces, ß-catenin immunoreactivity mirrored (arrowheads) the distribution observed for E-cadherin throughout bovine early development. In contrast, ZO- (Reima et al, 1993) , and mouse early development (Vestweber et al, 1987; Reima, 1990; Larue et al, 1994; Riethmacher et al, 1995) . In addition, Shehu et al. (1996) reported an identical E-cadherin distribution from the eightcell stage through to the blastocyst in embryos transferred to ligated sheep oviducts. Therefore, the results obtained from in vitro derived embryos indicate that culture has little impact on embryonic E-cadherin distribution patterns. The present study reports the distribution of E-cadherin polypeptides in earlier stages than that reported by Shehu et al. (1996) . It Removal of E-cadherin mediated cell-cell adhesion does not prevent cell polarization (Pratt et al, 1982; Johnson et al, 1986) but rather delays and randomizes the orientation of cell polarity (Johnson et al, 1986) . Loss of ordered cell polarity in the embryo during compaction prevents the formation of a coherent trophectoderm cell layer (Larue et al, 1994; Reithmacher et al, 1995) . Ozawa, 1989; McCrea et al, 1991; Hynes, 1992; Kemler, 1993) . This protein also shifts to a polarized distribution in differentiating mouse trophectoderm (Haegel et al, 1995 (Rajasekaran et al, 1996) . Weak association of these catenin-ZO-1 complexes with E-cadherin may play a role in the shuttling of components of the tight junction to the lateral membranes mediating junction assembly (Rajasekaran et al., 1996) . (Shehu et al, 1996 (Fleming et al, 1989 (Fleming et al, , 1994 and tight junction formation coincide with the onset of cavitation (Ducibella and Anderson, 1975; McLaren and Smith, 1977; Pratt, 1985 
